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Upper limb function, speed climbing performance and musculoskeletal discomfort in professional speed climbers: an exploratory cross-sectional study
Supplementary Table S1. Analysis domains for multiple-comparison correction
	 FDR test range
	 Inclusion Hypotheses
	 Number of tests
	 Statistical Methods

	 Site of discomfort – functional indicators
	 Discomfort in the fingers and shoulder/scapular region was compared with 10 functional indicators and 6 asymmetry indicators respectively
	 32
	 Mann-Whitney U; Cliff’s δ

	 Scores – Functional Indicators
	 Best performance scores were correlated with 10 functional indicators and 6 asymmetry indicators
	 16
	 Spearman’s correlation

	 OSTRC – Asymmetry
	 OSTRC total score is correlated with 6 bilateral asymmetry indicators
	 6
	 Spearman correlation

	 Difference Index – OSTRC
	 The six difference indices were used for both continuous correlations with the OSTRC and comparisons between groups scoring ≥20
	 12
	 Spearman’s correlation or Mann–Whitney U test


 Note: The Benjamini–Hochberg method was applied to correct each test domain separately; q-values were not pooled across test domains.
Supplementary Table S2. Complete hypothesis tests and FDR-adjusted results
	 Test domain
	Outcome/
Analysis
	 Measure
	 n/Group n
	 Effect
	 P
	 q

	 Site of discomfort – functional indicators
	 Finger discomfort
	 YBT Average Composite Score (%)
	 9/17
	 δ=0.52
	 0.036
	 0.369

	 Site of discomfort – functional indicators
	 Finger discomfort
	 YBT composite score for the side with lower scores (%)
	 9/17
	 δ = 0.50
	 0.041
	 0.369

	 Site of discomfort – functional indicators
	 Finger discomfort
	 I/180 average relative strength (BW)
	 9/17
	 δ = -0.05
	 0.872
	 0.900

	 Site of discomfort – functional indicators
	 Finger discomfort
	 Y/135 Average relative strength (BW)
	 9/17
	 δ = -0.06
	 0.829
	 0.900

	 Site of discomfort – functional indicators
	 Discomfort in the fingers
	T/90 Average Relative Strength (BW)
	 9/17
	 δ = -0.23
	 0.360
	 0.575

	 Site of discomfort – functional indicators
	 Finger discomfort
	 IYT average relative strength (BW)
	 9/17
	 δ = -0.11
	 0.666
	 0.820

	 Area of discomfort – functional indicators
	 Finger discomfort
	 Relative strength on the side with lower IYT (BW)
	 9/17
	 δ = -0.01
	 1.000
	 1.000

	 Area of discomfort – functional indicators
	 Finger discomfort
	 Average peak grip strength relative to body mass (BW)
	 9/17
	 δ = -0.06
	 0.829
	 0.900

	 Site of discomfort – functional indicators
	 Finger discomfort
	 Peak grip strength on the weaker side relative to body mass (BW)
	 9/17
	 δ = -0.05
	 0.872
	 0.900

	 Site of discomfort – functional indicators
	 Discomfort in fingers
	 Weighted pull-up load relative to body mass
	 9/17
	 δ = -0.11
	 0.666
	 0.820

	 Area of discomfort – functional indicators
	 Finger discomfort
	 YBT Composite Bilateral Difference (percentage points)
	 9/17
	 δ = -0.33
	 0.178
	 0.485

	 Site of Discomfort – Functional Indicators
	 Finger discomfort
	 I/180 asymmetry
	 9/17
	 δ = -0.41
	 0.095
	 0.485

	 Site of discomfort – functional indicators
	 Finger discomfort
	 Y/135 Asymmetry
	 9/17
	 δ = -0.29
	 0.236
	 0.485

	 Site of discomfort – functional indicators
	 Discomfort in the fingers
	 T/90 asymmetry
	 9/17
	 δ = -0.57
	 0.020
	 0.369

	 Site of discomfort – functional indicators
	 Finger discomfort
	 Maximum asymmetry on the IYT
	 9/17
	 δ = -0.49
	 0.046
	 0.369

	 Area of discomfort – functional indicators
	 Finger discomfort
	 Peak grip strength asymmetry
	 9/17
	 δ=0.14
	 0.590
	 0.787

	 Site of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 Average YBT composite score (%)
	 9/17
	 δ = 0.24
	 0.332
	 0.575

	 Site of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 YBT composite score for the side with lower scores (%)
	 9/17
	 δ = 0.28
	 0.258
	 0.485

	 Site of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 I/180 average relative strength (BW)
	 9/17
	 δ = 0.36
	 0.146
	 0.485

	 Area of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 Y/135 Average relative strength (BW)
	 9/17
	 δ = 0.37
	 0.131
	 0.485

	 Area of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 T/90 average relative strength (BW)
	9/17
	 δ = 0.20
	 0.419
	 0.638

	 Area of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 IYT average relative strength (BW)
	 9/17
	 δ=0.29
	 0.236
	 0.485

	 Area of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 Relative strength on the side with lower IYT (BW)
	 9/17
	 δ=0.31
	 0.215
	 0.485

	 Site of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 Average peak grip strength relative to body mass (BW)
	 9/17
	 δ=0.31
	 0.215
	 0.485

	 Site of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 Peak grip strength on the weaker side relative to body mass (BW)
	 9/17
	 δ = 0.32
	 0.196
	 0.485

	 Site of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 Weighted pull-up load relative to body mass
	 9/17
	 δ = 0.36
	 0.146
	 0.485

	 Area of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 YBT Composite Bilateral Difference (percentage points)
	 9/17
	 δ = -0.23
	 0.360
	 0.575

	 Site of Discomfort – Functional Indicators
	 Shoulder/scapular region discomfort
	 I/180 asymmetry
	 9/17
	 δ=0.07
	 0.788
	 0.900

	 Site of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 Y/135 asymmetry
	 9/17
	 δ=0.40
	 0.106
	 0.485

	 Site of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 T/90 asymmetry
	 9/17
	 δ = -0.28
	 0.258
	 0.485

	 Site of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 Maximum asymmetry in IYT
	 9/17
	 δ=0.14
	 0.590
	 0.787

	 Area of discomfort – functional indicators
	 Shoulder/scapular region discomfort
	 Peak grip strength asymmetry
	 9/17
	 δ = -0.15
	 0.553
	 0.787

	 Results – Functional Indicators
	 Best result (completion time)
	 YBT Average Composite Score (%)
	 26
	 ρ = -0.10
	 0.623
	 0.690

	 Performance – Functional Indicators
	 Best result (completion time)
	 YBT lower-side composite score (%)
	 26
	 ρ = −0.07
	 0.745
	 0.745

	 Performance – Functional Indicators
	 Best result (completion time)
	 I/180 Average Relative Strength (BW)
	 26
	 ρ = -0.42
	 0.033
	 0.105

	 Performance – Functional Indicators
	 Best result (completion time)
	 Y/135 Average relative strength (BW)
	 26
	 ρ = -0.43
	 0.028
	 0.105

	 Performance – Functional Indicators
	 Best performance (completion time)
	 T/90 Average Relative Strength (BW)
	26
	 ρ = -0.40
	 0.045
	 0.120

	 Results – Performance Indicators
	 Best result (completion time)
	 IYT Average Relative Strength (BW)
	 26
	 ρ = -0.50
	 0.010
	 0.055

	 Performance – Functional Indicators
	 Best result (completion time)
	IYT lower-side relative strength (BW)
	 26
	 ρ = -0.51
	 0.010
	 0.055

	 Performance – Functional Indicators
	 Best performance (completion time)
	 Average peak grip strength relative to body mass (BW)
	 26
	 ρ = −0.32
	 0.113
	 0.227

	 Performance – Functional Indicators
	 Best performance (completion time)
	 Peak grip strength on the weaker side relative to body mass (BW)
	 26
	 ρ = −0.34
	 0.095
	 0.216

	 Performance – Functional Indicators
	 Best result (completion time)
	 Weighted pull-up load relative to body mass
	 26
	 ρ = -0.66
	 <0.001
	 0.005

	 Performance – Functional Indicators
	 Best performance (completion time)
	 YBT Composite Bilateral Difference (percentage points)
	 26
	 ρ = -0.27
	 0.184
	 0.295

	 Score – Functional Indicators
	 Best result (completion time)
	 I/180 asymmetry
	 26
	 ρ=0.28
	 0.163
	 0.290

	 Results – Functional Indicators
	 Best result (completion time)
	 Y/135 asymmetry
	 26
	 ρ=0.23
	 0.264
	 0.330

	 Results – Functional Indicators
	 Best result (completion time)
	 T/90 asymmetry
	 26
	 ρ = -0.09
	 0.647
	 0.690

	 Performance – Functional Indicators
	 Best result (completion time)
	 IYT maximum asymmetry
	 26
	 ρ=0.23
	 0.268
	 0.330

	 Results – Functional Indicators
	 Best performance (completion time)
	 Peak grip strength asymmetry
	 26
	 ρ = 0.26
	 0.209
	 0.305

	 OSTRC – Asymmetry
	 OSTRC total score
	 YBT Composite Bilateral Difference (percentage points)
	 26
	 ρ = 0.06
	 0.777
	 0.777

	 OSTRC – Asymmetry
	 OSTRC total score
	 I/180 asymmetry
	 26
	 ρ = -0.13
	 0.513
	 0.733

	 OSTRC – Asymmetry
	 OSTRC total score
	 Y/135 Asymmetry
	 26
	 ρ = -0.17
	 0.395
	 0.733

	 OSTRC – Asymmetry
	 OSTRC total score
	 T/90 Asymmetry
	 26
	 ρ = -0.36
	 0.074
	 0.330

	 OSTRC – Asymmetry
	 OSTRC total score
	 IYT Maximum Asymmetry
	 26
	ρ = −0.32
	 0.110
	 0.330

	 OSTRC – Asymmetry
	 OSTRC total score
	 Peak grip strength asymmetry
	 26
	 ρ = 0.10
	 0.610
	 0.733

	 Difference Index – OSTRC
	 OSTRC continuous score
	 Difference index: YBT average composite score (%)
	 26
	 ρ = 0.13
	 0.515
	 0.634

	 Difference Index – OSTRC
	 OSTRC ≥ 20 stratification
	 Difference Index: YBT Average Composite Score (%)
	 17/9
	 δ = 0.06
	 0.829
	 0.829

	 Difference Index – OSTRC
	 OSTRC Continuous Score
	 Difference Index: IYT Average Relative Strength (BW)
	 26
	 ρ = 0.39
	 0.049
	 0.470

	 Differential Index – OSTRC
	 OSTRC ≥ 20 stratification
	 Differential Index: IYT Average Relative Strength (BW)
	 17/9
	 δ = 0.22
	 0.388
	 0.583

	 Differential Index – OSTRC
	 OSTRC Continuous Score
	 Difference index: IYT lower-side relative strength (BW)
	 26
	 ρ = 0.31
	 0.128
	 0.470

	 Differential Index – OSTRC
	 OSTRC ≥ 20 stratification
	 Difference Index: IYT lower-side relative strength (BW)
	 17/9
	 δ = 0.10
	 0.706
	 0.770

	 Difference Index – OSTRC
	 OSTRC continuous score
	 Difference index: average peak grip strength relative to body mass (BW)
	 26
	 ρ = 0.13
	 0.528
	 0.634

	 Difference Index – OSTRC
	 OSTRC ≥ 20 stratification
	 Difference index: average peak grip strength relative to body mass (BW)
	 17/9
	 δ = 0.22
	 0.388
	 0.583

	 Difference Index – OSTRC
	 OSTRC continuous score
	 Difference index: Peak grip strength on the weaker side relative to body mass (BW)
	 26
	 ρ = 0.23
	 0.250
	 0.500

	 Difference Index – OSTRC
	 OSTRC ≥ 20 stratification
	 Difference index: peak grip strength on the weaker side relative to body mass (BW)
	 17/9
	 δ = 0.32
	 0.196
	 0.470

	 Difference Index – OSTRC
	 OSTRC continuous score
	 Difference index: Weighted pull-up load relative to body mass
	 26
	 ρ = 0.32
	 0.117
	 0.470

	 Difference Index – OSTRC
	 OSTRC ≥ 20 stratification
	 Difference Index: Weighted pull-up load relative to body mass
	 17/9
	 δ = 0.32
	 0.196
	 0.470


Note: P values are from two-sided tests, and q values are FDR-adjusted within the corresponding analysis domain. All 66 tests are listed.
Supplementary Table S3. Descriptive agreement between the more symptomatic side and the functionally weaker side
	 Functional measure
	 Assessable n
	 Intra-side n
	 Intra-side proportion

	 Side with lower UQYBT
	 14
	 9
	 64.3%

	 I/180 weaker side
	 15
	 8
	 53.3%

	 Y/135 (weak side)
	 15
	 6
	40.0%

	 T/90 on the weaker side
	 15
	 4
	 26.7%

	 Peak grip strength, weaker side
	 15
	 10
	 66.7%


Note: The side of discomfort is defined as the dominant side of the athlete’s overall upper limb discomfort; it cannot be categorised separately as the shoulder, fingers, elbow or wrist in cases where discomfort is felt in multiple areas. Cases where both sides are equally affected are not included in the analysable sample.
Supplementary Table S4. Sex-adjusted partial Spearman correlations between performance and functional measures
	 Metric
	 n
	 ρ
	 P
	 q
	 Bootstrap 95% CI

	 YBT average composite score (%)
	 26
	 -0.19
	0.383
	 0.438
	 -0.54 to 0.25

	 YBT lower-side composite score (%)
	 26
	 -0.13
	 0.552
	 0.552
	 -0.50 to 0.32

	 I/180 Average Relative Strength (BW)
	 26
	 -0.46
	 0.022
	 0.090
	 -0.73 to -0.07

	 Y/135 Average Relative Strength (BW)
	 26
	 -0.43
	 0.033
	 0.105
	 -0.68 to -0.08

	 T/90 Average Relative Strength (BW)
	 26
	 -0.36
	 0.078
	 0.177
	 -0.69 to 0.07

	 IYT Average Relative Strength (BW)
	 26
	 -0.48
	 0.014
	 0.077
	 -0.72 to -0.12

	 IYT Relative Strength on the Lower Side (BW)
	 26
	 -0.51
	 0.011
	 0.077
	 -0.73 to -0.14

	 Average peak grip strength relative to body mass (BW)
	 26
	 -0.18
	 0.359
	 0.438
	 -0.55 to 0.21

	 Peak grip strength on the weaker side relative to body mass (BW)
	 26
	 -0.20
	 0.305
	 0.438
	 -0.56 to 0.16

	 Weighted pull-up load relative to body mass
	 26
	 -0.55
	 0.008
	 0.077
	 -0.83 to -0.06

	 YBT Composite Bilateral Difference (percentage points)
	 26
	 -0.34
	 0.073
	 0.177
	 -0.63 to -0.02

	 I/180 asymmetry
	 26
	 0.34
	 0.091
	 0.182
	 -0.14 to 0.69

	 Y/135 asymmetry
	 26
	 0.25
	 0.230
	 0.409
	 -0.16 to 0.61

	 T/90 asymmetry
	 26
	 -0.23
	 0.258
	 0.413
	 -0.48 to 0.09

	 Maximum asymmetry of IYT
	 26
	 0.18
	 0.377
	 0.438
	 -0.26 to 0.52

	 Peak grip strength asymmetry
	 26
	 0.16
	 0.439
	 0.469
	 -0.26 to 0.53


 Note: After rank-transforming completion times and individual indicators, each variable was regressed on sex, and the correlation of residuals was calculated; P-values were obtained using 20,000 permutations within each sex stratum, whilst the Bootstrap 95% CI was derived from 10,000 resamples stratified by sex. q values were uniformly adjusted using the Benjamini–Hochberg method across the 16 performance and functional indicators. Confidence intervals were not corrected for multiple comparisons.
Supplementary Table S5. Exploratory associations between speed-performance–strength discrepancy indices and OSTRC scores
	 Analysis
	 Differential indicators
	 n/Group n
	 Effect
	 P
	 q

	 OSTRC ≥ 20 stratification
	 Difference in weighted pull-up load relative to body mass
	 17/9
	 -0.01 (-0.25, 0.38) vs -0.44 (-0.94, 0.02); δ=0.32
	 0.196
	 0.470

	 OSTRC continuous score
	 IYT Mean Relative Strength Difference
	 26
	 ρ = 0.39
	 0.049
	 0.470

	 OSTRC continuous score
	 Difference in weighted pull-up load relative to body mass
	 26
	 ρ = 0.32
	 0.117
	 0.470

	 OSTRC continuous score
	 Relative strength difference on the lower side of the IYT
	 26
	 ρ = 0.31
	 0.128
	 0.470


Note: A higher discrepancy index indicates better within-sex standardised speed performance relative to standardised strength. Group values are presented for OSTRC ≥ 20 followed by OSTRC < 20.
Supplementary Table S6. Bootstrap sensitivity analyses of key effects
	 Analysis
	 Main Effects
	 n/Group n
	 Effect Size
	 Bootstrap 95% CI

	 Speed performance
	 Weighted pull-up load relative to body mass
	 26
	 ρ = −0.66
	 –0.86 to –0.31

	 Stratification by sex
	Weighted pull-up load relative to body mass
	 17
	 ρ = −0.45; P = 0.069
	 -0.87 to 0.11

	 Stratification by sex
	 Weighted pull-up load relative to body mass
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	 ρ = −0.20; P = 0.609
	 -0.83 to 0.65

	 Speed performance
	 Average relative strength on the IYT
	 26
	 ρ = −0.50
	 -0.71 to -0.18

	 Finger discomfort
	 UQYBT composite score for the lower side
	9/17
	 δ = 0.50
	 0.02–0.90

	 Discomfort in the fingers
	 Maximum asymmetry of IYT
	 9/17
	 δ = −0.49
	 –0.86 to –0.05

	 Finger discomfort
	 T/90 asymmetry
	 9/17
	 δ = -0.57
	 -0.92 to -0.12

	 OSTRC continuous score
	 IYT average relative strength difference
	 26
	 ρ = 0.39
	 -0.01 to 0.68

	 OSTRC continuous score
	 Difference in Weighted Pull-Ups Relative to Body Mass
	 26
	 ρ = 0.32
	 -0.12 to 0.71

	 OSTRC ≥ 20 stratification
	 Relative body mass difference in weighted pull-ups
	 17/9
	 δ = 0.32
	 -0.23 to 0.78

	 OSTRC ≥ 20 stratification
	 Average relative strength difference in IYT
	 17/9
	 δ = 0.22
	 -0.25 to 0.65


 Note: A non-parametric bootstrap with 10,000 repetitions was used. Correlation analyses report ρ, whilst between-group comparisons report Cliff’s δ; all confidence intervals are unadjusted for multiple comparisons.
Table S7. Relative pulling and I/Y/T strength across post hoc sex-specific performance bands
Men
	Measure
	Faster band
	Middle band
	Slower band

	n
	6
	5
	6

	Observed time range (s)
	4.900–5.090
	5.200–5.600
	5.740–9.000

	Additional pull-up load/body mass (kg/kg)
	1.024 (0.944–1.107)
[0.571–1.263]
	1.000 (0.968–1.035)
[0.963–1.053]
	0.677 (0.618–0.868)
[0.569–1.144]

	I/180 (BW)
	0.168 (0.160–0.175)
[0.153–0.190]
	0.160 (0.132–0.189)
[0.108–0.190]
	0.120 (0.115–0.141)
[0.111–0.188]

	Y/135 (BW)
	0.186 (0.178–0.210)
[0.154–0.222]
	0.193 (0.149–0.194)
[0.146–0.210]
	0.145 (0.127–0.160)
[0.118–0.208]

	T/90 (BW)
	0.271 (0.243–0.324)
[0.185–0.356]
	0.250 (0.241–0.271)
[0.218–0.295]
	0.214 (0.193–0.250)
[0.146–0.264]

	IYT (BW)
	0.204 (0.191–0.241)
[0.173–0.250]
	0.207 (0.166–0.218)
[0.165–0.226]
	0.156 (0.147–0.185)
[0.128–0.218]

	IYT lower (BW)
	0.190 (0.181–0.221)
[0.165–0.235]
	0.191 (0.164–0.207)
[0.157–0.216]
	0.144 (0.135–0.173)
[0.120–0.208]


Values are median (Q1–Q3), followed by [minimum–maximum]; position-specific measures use the bilateral mean. IYT is the mean across the three positions. IYT lower is the mean of the smaller bilateral value at each position and need not represent the same arm across positions.


Women
	Measure
	Faster band
	Middle band
	Slower band

	n
	3
	3
	3

	Observed time range (s)
	5.820–6.800
	6.900–7.353
	8.107–14.856

	Additional pull-up load/body mass (kg/kg)
	0.818 (0.752–0.878)
[0.686–0.937]
	0.710 (0.530–0.767)
[0.349–0.823]
	0.690 (0.602–0.726)
[0.515–0.763]

	I/180 (BW)
	0.162 (0.143–0.167)
[0.124–0.172]
	0.125 (0.122–0.144)
[0.119–0.163]
	0.137 (0.127–0.163)
[0.117–0.189]

	Y/135 (BW)
	0.185 (0.158–0.202)
[0.131–0.220]
	0.146 (0.140–0.158)
[0.133–0.169]
	0.153 (0.145–0.178)
[0.137–0.203]

	T/90 (BW)
	0.282 (0.235–0.311)
[0.188–0.340]
	0.206 (0.205–0.211)
[0.205–0.215]
	0.209 (0.200–0.228)
[0.190–0.247]

	IYT (BW)
	0.210 (0.178–0.227)
[0.147–0.244]
	0.157 (0.156–0.170)
[0.155–0.183]
	0.160 (0.157–0.186)
[0.154–0.213]

	IYT lower (BW)
	0.203 (0.173–0.214)
[0.144–0.226]
	0.142 (0.141–0.151)
[0.141–0.160]
	0.155 (0.150–0.176)
[0.145–0.198]


Values are median (Q1–Q3), followed by [minimum–maximum]; position-specific measures use the bilateral mean. IYT is the mean across the three positions. IYT lower is the mean of the smaller bilateral value at each position and need not represent the same arm across positions.
Additional pull-up load/body mass is a kg/kg ratio and excludes the athlete’s own mass. I/Y/T BW = force (N)/(body mass in kg × 9.80665); multiply by 9.80665 to obtain N/kg. Post hoc tertiles were calculated within sex to provide approximately balanced descriptive groups: cut-points were 5.1267 and 5.6933 s in men, and 6.8667 and 7.6043 s in women (linear interpolation). Faster ≤ first cut-point; middle > first and ≤ second; slower > second.

